(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
26 May 2006 (26.05.2006) 




PCT 



(10) International Publication Number 

WO 2006/053741 Al 



(51) International Patent Classification: 

C08F 297/08 (2006.01) C08L 23/08 (2006.01) 
C08L 23/06 (2006.01) 

(21) International Application Number: 

PCT/EP2005/012306 

(22) International Filing Date: 

17 November 2005 (17.11.2005) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

10 2004 055 588.5 

18 November 2004 (18.1 1.2004) 
60/634,706 8 December 2004 (08.12.2004) 



DE 
US 



(71) Applicant (for all designated States except US): BASELL 
POLY OLEFINE GMBH [DE/DB]; Briihler Strasse 60, 
50389 Wesseling (DE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): BERTHOLD, 
Joachim [DE/DE]; Am Flachsland 54, 65779 kelkheim 
(DE). BOHM, Ludwig [DE/DE]; Leonhardstrasse 36, 
65795 Hattersheim (DE). VOGT, Heinz [DE/DE] ; Kur- 
mainzer Strasse 49, 65929 Frankfurt (DE). 



(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, 
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, 
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD t SE, SG, 
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, 
UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT, 
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, 
GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: POLYETHYLENE MOLDING COMPOSITION FOR COATING STEEL PIPES 



(57) Abstract: The invention relates to a polyethylene molding composition which has a multimodal molar mass distribution and 
O is particularly suitable for producing protective coatings on steel pipes. The molding composition has a density at a temperature of 
23°C in the range from 0.94 to 0.95 g/cm and An MFIi^in the range from 1.2 to 2.1 dg/min. It comprises from 45 to 55% by 
Q weight of a low molecular weight ethylene homopolymer A, from 30 to 40% by weight of a high molecular weight copolymer B 
of ethylene and another olefin having from 4 to 8 carbon atoms and from 10 to 20% by weight of an ultra high molecular weight 
ethylene copolymer C. 



WO 2006/053741 



PCT/EP2005/012306 



1 

Title: Polyethylene molding composition for coating steel 
pipes 

5 The present invention relates to a polyethylene molding 

composition which has a multimodal molar mass distribution and 
is particularly suitable for producing protective coatings on 
pipes, and a process for preparing this molding composition in 
the presence of a catalytic system comprising a Ziegler 
10 catalyst and a cocatalyst via a multistage reaction sequence 
comprising successive polymerization steps. 

Polyethylene is widely used for industrial applications in 
which a material having a high mechanical strength and a high 

15 resistance to thermooxidative degradation is required in order 
to ensure a long life even at elevated use temperatures. For 
this application, it is also advantageous for the polyethylene 
molding composition to have a low permeability to water vapor 
and oxygen because the steel pipe is then effectively 

20 protected against corrosion by moisture and contact with air. 
In addition, polyethylene has the particular advantages that 
it has good chemical resistance, it has a low intrinsic weight 
and it is a material which can easily be processed in the 
melt . 

25 

WO 97/03139 describes a coating composition based on 
polyethylene which has a bimodal molar mass distribution, are 
suitable for producing coatings on metal pipes and give the 
coated substrate improved durability in respect of corrosion,- 
30 in respect of oxidative aging, in respect of weathering 

influences of all types and in respect of mechanical stresses. 



35 



Known polyethylene molding compositions having a unimodal 
molar mass distribution have disadvantages in terms of their 
processability, their environmental stress cracking resistance 
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and their mechanical toughness. Compared to these, molding 
compositions having a bimodal molar mass distribution 
represent a technical improvement. They are easier to process 
and have (as indicated by the density) an improved 
stiffness/environmental stress cracking resistance ratio. 

It was thus an object of the present invention to develop a 
polyethylene molding composition which retains good 
processability but displays significant advantages in respect 
of environmental stress cracking resistance and resistance to 
mechanical stresses, in particular at temperatures below 0°C. 

This object is achieved by a molding composition of the 
generic type mentioned at the outset whose distinguishing 
features are that it comprises from 45 to 55% by weight of a 
low molecular weight ethylene homopolymer A, from 30 to 40% by 
weight of a high molecular weight copolymer B of ethylene and 
another olefin having from 4 to 8 carbon atoms and from 10 to 
20% by weight of an ultra high molecular weight ethylene 
copolymer C, where all percentages are based on the total 
weight of the molding composition. 

The invention further provides a process for preparing this 
molding composition in a cascaded suspension polymerization 
and a defect-free coating of steel pipes comprising this 
molding composition and having excellent mechanical strength 
properties combined with high stiffness. 
» 

The polyethylene molding composition of the invention has a 
density at a temperature of 23°C in the range from 0.94 to 
0.95 g/cm 3 and a broad trimodal molar mass distribution. The 
high molecular weight copolymer B contains a proportion of 
further olefin monomer units having from 4 to 8 carbon atoms, 
namely from 5 to 8% by weight. Examples of such comonomers are 
1-butene, 1-pentene, 1-hexene, 1-octene and 4-methyl-l- 
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pentene. The ultra high molecular weight ethylene copolymer C 
likewise contains one or more of the abovementioned comonomers 
in an amount in the range from 7 to 11% by weight. 

5 Furthermore, the molding composition of the invention has a 
melt flow index in accordance with ISO 1133, expressed as 
MFI190/5, in the range from 1.2 to 2.1 dg/min and a viscosity 
number VN 0 veraii/ measured in accordance with ISO/R 1191 in 
decalin at a temperature of 135°C, in the range from 260 to 
10 340 cm 3 /g, in particular from 280 to 320 cm 3 /g. 

The trimodality as a measure of the position of the centers of 
gravity of the three individual molar mass distributions can 
be described with the aid of the viscosity numbers VN in 
15 accordance with ISO/R 1191 of the polymers formed in the 

successive polymerization stages. Here, the band widths of the 
polymers formed in the individual reaction stages are as 
follows : 

20 The viscosity number VNi measured on the polymer after the 
first polymerization stage is identical to the viscosity 
number VN A of the low molecular weight polyethylene A and is, 
according to the invention, in the range from 70 to 90 cm 3 /g. 

25 The viscosity number VN 2 measured on the polymer after the 

second polymerization stage does not correspond to VN B of the 
relatively high molecular weight polyethylene B formed in the 
second polymerization stage, which can be determined only 
mathematically but is instead the viscosity number of the 

30 mixture of polymer A plus polymer B. According to the 
invention, VN 2 is in the range from 150 to 180 cm 3 /g. 

The viscosity number VN 3 measured on the polymer after the 
third polymerization stage does not correspond to VN C of the 
35 ultra high molecular weight copolymer C formed in the third 
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polymerization stage, which can likewise be determined only 
mathematically, but is instead the viscosity number of the 
mixture of the polymer A, polymer B plus polymer C. According 
to the invention, VN 3 is in the range from 260 to 340 cm 3 /g, in 
5 particular from 280 to 320 cm 3 /g. 

The polyethylene is obtained by polymerization of the monomers 
in suspension at temperatures in the range from 70 to 90°C, 
preferably from 80 to 90°C, a pressure in the range from 2 to 

10 10 bar and in the presence of a highly active Ziegler catalyst 
composed of a transition metal compound and an organoaluminum 
compound. The polymerization is a three-stage polymerization, 
i.e. it is carried out in three successive stages, with the 
molar mass being regulated in each stage by means of added 

15 hydrogen. 

Apart from the polyethylene, the polyethylene molding 
composition of the invention can further comprise additional 
additives. Such additives are, for example, heat stabilizers, 

20 antioxidants, UV absorbers, light stabilizers, metal 
deactivators, peroxide-decomposing compounds, basic 
costabilizers, in amounts of from 0 to 10% by weight, 
preferably from 0 to 5% by weight, and also fillers, 
reinforcing materials, plasticizers, lubricants, emulsifiers, 

25 pigments, optical brighteners, flame retardants, antistatics 
blowing agents, or combinations of these in total amounts of 
from 0 to 50% by weight, based on the total weight of the 
mixture . 

30 The molding composition of the invention is particularly 

useful for producing coatings on metal pipes by extrusion by 
firstly plasticizing the polyethylene molding composition in 
an extruder at temperatures in the range from 200 to 250°C and 
then extruding it through a suitable nozzle onto the pipe 

35 surface and cooling it there. 
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The molding composition of the invention can be processed 
particularly well by the extrusion process to produce coatings 
because it has a notched impact toughness (ISO) in the range 
from 8 to 14 kJ/m 2 and an environmental stress cracking 
resistance (ESCR) in the range > 200 h. 

The notched impact toughnessiso is measured at -30 °C in 
accordance with ISO 179-1/leA / DIN 53453. The dimensions of 
the specimen are 10 x 4 x 80 mm, and it is provided with a V- 
notch having an angle of 45°, a depth of 2 mm and a radius at 
the bottom of the notch of 0.25 mm. 

The environmental stress cracking resistance (ESCR) of the 
molding composition of the invention is determined by an 
internal measurement method and is reported in h. This 
laboratory method is described by M. Fleiftner in Kunststoffe 
77 (1987), p. 45 ff, and corresponds to ISO/CD 16770 which is 
now valid. The publication shows that there is a relationship 
between the determination of slow crack growth in a creep test 
on test rods having a circumferential notch and the brittle 
branch of the internal pressure test in accordance with 
ISO 1167. A shortening of the time to failure is achieved by 
shortening the crack initiation time by means of the notch 
(1.6 mm/razor blade) in ethylene glycol as medium inducing 
environmental stress cracking at a temperature of 80°C and a 
tensile stress of 3.5 MPa. The production of the specimens is 
carried out by sawing three test specimens having dimensions 
of 10 x 10 x 90 mm from a 10 mm thick pressed plate. The test 
specimens are in turn notched in the middle by means of a 
razor blade in a notching apparatus made in-house for this 
purpose (cf. figure 5 in the publication). The notch depth is 
1 . 6 mm. 
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Example 1 

The polymerization of ethylene was carried out' in a continuous 
process in three reactors connected in series. A Ziegler 
5 catalyst which had been prepared by the method of WO 91/18934, 
example 2, and has the operations number 2.2 in the WO in an 
amount of 0.08 mmol/h and also sufficient suspension medium 
(hexane), triethylaluminum as cocatalyst in an amount of 
0.08 mmol/h, ethylene and hydrogen were fed into the first 

10 reactor. The amount of ethylene (= 65 kg/h) and the amount of 
hydrogen (= 68 g/h) were set so that a proportion of from 25 
to 26% by volume ethylene and a proportion of 65% by volume of 
hydrogen were measured in the gas space of the first reactor; 
the remainder was a mixture of nitrogen and vaporized 

15 suspension medium. 

The polymerization in the first reactor was carried out at a 
temperature of 84 °C. 

20 The suspension from the first reactor was then passed to a 

second reactor in which the proportion of hydrogen in the gas 
space had been reduced to 7 - 9% by volume and into which an 
amount of 48.1 kg/h of ethylene plus an amount of 2940 g/h of 
1-butene were introduced. The reduction in the amount of 

25 hydrogen was achieved by means of H 2 intermediate 

depressurization. 73% by volume of ethylene, 8% by volume of 
hydrogen and 0.82% by volume of 1-butene were measured in the 
gas space of the second reactor; the remainder was a mixture 
of nitrogen and vaporized suspension medium. Additionally 

30 suspension medium and triethylaluminum were introduced. 

The polymerization in the second reactor was carried out at a 
temperature of 83 °C. 
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The suspension from the second reactor was passed via a 
further H 2 intermediate depressurization, by means of which the 
amount of hydrogen in the gas space in the third reactor was 
set to 2.5% by volume, into'the third reactor. 

An amount of 16.9 kg/h of ethylene plus an amount of 1500 g/h 
of 1-butene were introduced into the third reactor. A 
proportion of ethylene of 87% by volume, a proportion of 
hydrogen of 2.5% by volume and a proportion of 1-butene of 
1.2% by volume were measured in the gas space of the third 
reactor; the remainder was a mixture of nitrogen and vaporized 
suspension medium. In addition, suspension medium and 
triethylaluminum were introduced. 

The polymerization in the third reactor was carried out at a 
temperature of 83°C. 

The long-term activity of the polymerization catalyst 
necessary for the above-described cascaded mode of operation 
was ensured by a specially developed Ziegler catalyst having 
the composition reported in the WO document mentioned at the 
outset. A measure of the usability of this catalyst is its 
extremely high response to hydrogen and its high activity 
which remains constant over a long period of from 1 to 
8 hours. 

The suspension medium is separated off from the polymer 
suspension leaving the third reactor, the powder is dried and 
the powder is passed to pelletization . 

The viscosity numbers and the proportions W A , W B and W c of 
polymers A, B and C for the polyethylene molding composition 
prepared as described in example 1 are shown in table 1 below. 
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The abbreviations for the physical properties in table 1 have 
the following meaning: 

5 

FNCT = environmental stress cracking resistance (Full 
Notch Creep Test) measured by the internal measurement 
method described by M. Fleiliner in [h] , conditions: 95°C, 
3.5 MPa, water / 2% of Arkopal. 

10 

AFM (-30°C) = notched impact toughness, measured in 
accordance with ISO 179-1/leA / DIN 53453 in [kJ/m 2 ] at 

-30°C. 

15 - ACN (+23°C) = notched impact toughness, measured in 

accordance with ISO 179-1/leA / DIN 53453 in [kJ/m 2 ] at 

+23°C. 



20 



* * * * * 
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Claims 

1. A polyethylene molding composition which has a multimodal 
molar mass distribution and has a density at a temperature 
of 23°C in the range from 0.94 to 0.95 g/cm 3 and an MFI 190 /5 
in the range from 1.2 to 2.1 dg/min and comprises from 45 
to 55% by weight of a low molecular weight ethylene 
homopolymer A, from 30 to 40% by weight of a high 
molecular weight copolymer B of ethylene and another 
olefin having from 4 to 8 carbon atoms and from 10 to 20% 
by weight of an ultra high molecular weight ethylene 
copolymer C, where all percentages are based on the total 
weight of the molding composition. 

2. The polyethylene molding composition according to claim 1, 
wherein the high molecular weight copolymer B contains 
from 5 to 8% by weight, based on the weight of copolymer 

B, of comonomers having from 4 to 8 carbon atoms and the 
ultra high molecular weight ethylene copolymer C contains 
from 7 to 11% by weight, based on the weight of copolymer 

C, of comonomers. 

3. The polyethylene molding composition according to claim 1 
or 2 in which 1-butene, 1-pentene, 1-hexene, 1-octene, 
4-methyl-l-pentene or mixtures thereof are present as 
comonomers . 

4. The polyethylene molding composition according to one or 
more of claims 1 to 3 which has a viscosity number VN 0 veraii/ 
measured in accordance with ISO/R 1191 in decalin at a 
temperature of 135°C in the range from 260 to 340 cm 3 /g, 
preferably from 280 to 320 cm 3 /g. 

5. The polyethylene molding composition according to one or 
more of claims 1 to 4 which has a notched impact toughness 
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AFM (-30°C) in the range from 3.5 to 4.5 kJ/m 2 and a 
notched impact toughness ACN (+23°C) in the range from 12 
to 16 kJ/m 2 and has an environmental stress cracking 
resistance (FNCT) in the range from 150 to 250 h. 

5 

6. A process for preparing a polyethylene molding composition 
according to one or more of claims 1 to 5, in which the 
polymerization of the monomer is carried out in suspension 
at temperatures in the range from 20 to 120°C, a pressure 

10 in the range from 2 to 10 bar and in the presence of a 

highly active Ziegler catalyst composed of a transition 
metal compound and an organoaluminum compound, wherein the 
polymerization is a three-stage polymerization, with the 
molar mass of the polyethylene formed in each stage being 

15 regulated in each case by means of hydrogen. 

7. The process according to claim 6, wherein the hydrogen 
concentration in the first polymerization stage is set so 
that the viscosity number VNi of the low molecular weight 

20 polyethylene A is in the range from 70 to 90 cm 3 /g. 

8. The process according to claim 6 or 7, wherein the 
hydrogen concentration in the second polymerization stage 
is set so that the viscosity number VN 2 of the mixture of 

25 polymer A plus polymer B is in the range from 150 to 

180 cm 3 /g. 

9. The process according to any of claims 6 to 8, wherein the 
hydrogen concentration in the third polymerization stage 

30 is set so that the viscosity number VN 3 of the mixture of 

polymer A, polymer B plus polymer C is in the range from 
260 to 340 cm 3 /g, in particular from 280 to 320 cm 3 /g. 

10. The use of a polyethylene molding composition according to 
35 one or more of claims 1 to 5 for producing protective 
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coatings on steel pipes, wherein the polyethylene molding 
composition is firstly plasticized in an extruder at 
temperatures in the range from 200 to 250°C and is then 
extruded through a nozzle onto the surface of the pipe and 
is cooled there. 
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